Single thermite-type combustion synthesis (STCS) for synthesizing Heusler alloy Fe 2 VAl from Fe, V 2 O 5 , and Al powders for thermoelectric applications was proposed and investigated, in which the microstructure and the thermoelectric properties of the product were mainly examined. Macroscopically, STCS was successfully carried out to produce metallic product of Fe 2 VAl in lower part and alumina as slag in upper part.
Introduction
Thermoelectric properties are typically evaluated by dimensionless figure of merit, ZT. ZT is expressed as follows; ZT = S 2 T/(ρκ) (1) where Z is the figure of merit of a thermoelectric material (K ). It is essential for thermoelectric materials to improve the ZT.
Fe 2 VAl has been known as a thermoelectric material for its unique physical properties. Heusler alloy Fe 2 VAl is a semimetal with a narrow pseudogap at the Fermi level [1, 2] . Small stoichiometric deviations can cause big changes in its transport
properties [3] . Two methods for controlling the pseudogap in Fe 2 VAl have been reported by several researchers. One is to change its composition from stoichiometric to nonstoichiometric [3] [4] [5] , and the other is to substitute a fourth element [6] [7] [8] [9] [10] [11] [12] [13] . The methods proposed increase the absolute values of the Seebeck coefficient and reduce the electrical resistivity of Fe 2 VAl [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . However, the thermal conductivity of Fe 2 VAl is comparatively large as a thermoelectric material; about 28 (Wm
) at room temperature, resulting in the small ZT of Fe 2 VAl [14] . For obtaining high-performance Fe 2 VAl, it is essential to decrease its thermal conductivity.
Three processes of Fe 2 VAl fabrication have been conventionally reported. The first one is melting method based on ingot metallurgy [3] [4] [5] [6] [8] [9] [10] , the second one is mechanical alloying [11] [12] [13] , and the third one is the combination of them [7] . All of the conventional processes require pure V as raw material to synthesize Fe 2 VAl, in which V has been industrially produced by a thermite reaction from V 2 O 5 and Al using strong exothermic reaction. Thermite reactions are reduction reactions of metal oxides using Al as a reduction agent. In these reactions, oxidation of Al to Al 2 O 3 releases a large amount of heat, propagating a rapid combustion wave. The problem is that the large exothermic heat generated is only used for producing V, without any heat recovery. In the thermite reaction of the V production, Al is excessively added to eliminate Al. However, this paper deals with STCS only and DTCS will be reported elsewhere. 
Reaction (2) can proceed by utilizing the large amount of exothermic heat generated by reaction (1) (H = -621 kJ at 298 K). The overall reaction of STCS can be written as follows:
The theoretical achieving temperature of a combustion synthesis reaction, which is called adiabatic flame temperature, is very important to estimate the state of the products after reaction. The adiabatic flame temperature of the equation (3) Figure 1 shows the schematic illustrations of the conventional V-production method and the proposed STCS method as heat recovery of the conventional thermite reaction.
Fe and Al was also added to the raw materials of the conventional V-production method. Fig. 2 shows the photographs of the samples placed in a graphite crucible before and after STCS. Before STCS, the color of the raw materials resembled that of ash. After STCS, the ash color of the raw materials disappeared, and products with metallic luster and black color were generated. The raw materials and products were subjected to X-ray diffraction (XRD) measurements, the results of which are shown in Fig. 3 . The figure indicates that the metallic luster and black products are Fe 2 VAl and Al 2 O 3 , respectively.
The degree of ordering was estimated by reference intensity ratio (RIR) method. Fe 2 VAl which had ordered L21 structure was about 46.1%, which had BCC structure was about 53.9%. This showed the STCSed Fe 2 VAl did not have perfectly ordered L21 structure. and Al (933 K), meaning that it was short time for V to maintain the liquid state and that The temperature dependence of electrical resistivity, the Seebeck coefficient, the thermal conductivity, the power factor, and the dimensionless figure of merit of the STCSed and heat-treated Fe 2 VAl, together with the reference data (taken from T. Mori et al.), are shown in Fig. 8 [10] . The electrical resistivity showed a downward slope, which agrees with previous studies [10] . The Seebeck coefficient values were about 10% to 30% smaller than those previously reported [10] . This reduction was attributed Table 1 , respectively. 
